Sexually mature, male and female Sprague-Dawley rats were housed in large communal breeding cages or in smaller paired breeding cages. Virgin control rats of the same age were housed similarly but segregated by sex. Breeders became obese, developed a fatty liver, and showed elevated levels of triglycerides, free fatty acids, and cholesterol. Breeders had high blood pressure, enlarged hearts, hyperglycemia, and islet beta cell degranulation. Serum enzymes, creatine phosphokinase, serum glutamic oxalo-pyruvic transaminase, serum glutamic pyruvic transaminase, lactate dehydrogenase, and blood urea nitrogen levels were elevated in breeder rats. The adrenal glands of male breeders appeared hyperactive; the adrenal glands of female breeders were Ihrombosed and appeared to be hypoactive. Male breeder rats developed microscopic aortic lesions only; female breeders developed advanced calcific aortic sclerosis. Male breeders kept in active stud service manifested the most abnormal metabolic and pathophysiological changes. Female breeders developed similar pathophysiological changes after four pregnancies, irrespective of their paired or communal breeding environment. Virgin rats were normal regardless of housing conditions. Our findings suggest that repeated breeding in male and female rats causes resetting of the hypothalamicpituitary-adrenal-gonadal axis. This may lead to disturbed hormonal and metabolic changes which culminate with the development of accelerated cardiovascular degenerative changes.
MALE AND FEMALE rats of several strains spontaneously develop hyperglycemia, hyperlipidemia, hypertension, arteriosclerosis, and other degenerative changes if they are bred actively and repeatedly. 1 " 4 The severity of these pathophysiological changes in repeatedly bred female rats appears to be related to the frequency and number of pregnancies, as well as the number of young suckled, 5 ' 6 and to the intensity of breeding activity in the male. 1 " 4 It is believed that repeated activation of the hypothalamic-pituitary-adrenal-gonadal axis associated with the reproductive effort leads to resetting of hypothalamic-pituitary-interaction and disruption of normal hormonal processes that eventuates in a Cushingoid spectrum of degenerative changes. 7 ' 8 We have found that longer periods of rest between pregnancies or mating (in the male) will attenuate greatly the usual incidence and severity of the Cushingoid degenerative changes which attend active and repeated breeding. Males placed in large breeder tanks, e.g., designed to hold as many as 50 rats (40 females, 10 males) without crowding, develop much more severe changes than those placed in smaller laboratory cages for paired breeding. In order to evaluate further these earlier findings, we compared the pathophysiological changes that occurred in male and female breeder rats after four consecutive breedings during the time they were housed in a large, com-munal breeding cage or in a smaller cage, one male with one female.
Methods
Sexually mature, 90-day-old Sprague-Dawley rats were placed randomly either in large breeder cages (20 x 25 x 7 inches) housing four males with 10 females (i.e., communal breeding), or in standard-sized cages ( 1 6 x 9 x 7 inches) housing one male and one female (i.e., paired breeding). When the females in the large breeder cages, became pregnant, they were removed and housed separately so they might nurse their young unmolested. They were returned to the breeding cages when their young were weaned at 20 days postpartum. The male breeders assigned to communal breeder cages were transferred to other communal breeder cages which kept them in constant reproductive activity. The male breeders paired with one female remained in the same cage with the same partner while she nursed and was weaned of her young. This comparison of communal vs. paired breeding continued from April through October until all of the females had borne and nursed four litters of young. Virgin males and females of the same stock were housed in large breeder cages, i.e., 14 males/cage or 14 females/cage, and in the smaller cages, i.e., two males or two females, to control the possible effect of animal density as a factor in the pathogenesis of the cardiovascular degenerative changes. All of the rats were fed a regular commercial rat chow (Teklad) which is relatively low in fat 4 and were given tap water to drink ad libitum. Light, heat, and humidity were controlled carefully.
Blood pressure was recorded three times each week by the indirect tail cuff microphonic manometer method which measures only systolic pressure.
Autopsies were performed during the early morning hours in deference to the diurnal rhythm of adrenal steroids. The rats were anesthetized lightly with Secobarbital, 250 mg/kg, ip, for their final blood pressure determination and then were exsanguinated by laparotomy and insertion of a needle into the abdominal aorta.
Arterial lesions (gross and microscopic) were scored on a blind and random basis, using a scoring system detailed in a previous report . •* Organs from each rat were weighed and fixed in 10% neutral formalin for histopathological analyses. Blood from each rat was centrifuged (refrigerated) and analyzed by automated methods in the Auto-Analyzer (Technicon) for creatine phosphokinase (CPK), transaminases (SGOT, SGPT), lactic dehydrogenase (LDH), triglycerides, total cholesterol, free fatty acids, glucose, and blood urea nitrogen (BUN). All of the automated procedures are described in the manual published by the Technicon Co. ("Automation in Analytical Chemistry," Technicon, Mediad, Inc., New York). The level of serum corticosterone (compound B) was measured by a fluorometric method 9 as an index of adrenocortical secretory activity. All data were subjected to statistical analysis by Student's /-test or the analysis of variance, as appropriate. 1 " P values <0.05 were considered to be significant. Results
General Observations
Occasionally a female breeder would canabalize her young after the first or second pregnancy. These rats were excluded from the experiment. By the time the female breeders had completed their third or fourth pregnancy, 19% of the males (in the large breeder cages) that had been kept in constant reproductive activity had died, usually during the night. At autopsy, the hearts of these male breeders often displayed extensive myocardial infarction accompanied by hydrothorax. None of the other male or female breeders died. Because of the high mortality rate among the communal male breeders, the experiment was terminated when all the females had completed at least four pregnancies. There were no differences, i.e., gravimetric, metabolic, or histopathological, between the virgin controls housed in small or large cages. Therefore, all of the virgin control data cited in this report have been combined into two groups, one for males and one for females. 
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Values are expressed as mean ± SE; n = 24. * Significant difference, at the 0. 
Gravimetric Findings
Both male and female breeders were significantly (P < 0.05) heavier than their virgin counterparts ( Table 1) . Breeders in the communal breeding cages were more obese than those kept in smaller cages. Although the breeder rats manifested marked thymus gland involution, only the male breeders showed an appropriate concomitant increase in adrenal weight. The adrenal glands of some of the breeder females were reduced significantly in weight (P < 0.05) (Table 1) . Hearts, kidneys, testes, and ovaries were heavier in breeders than in virgins (P < 0.05). The kidneys appeared to be larger and heavier in the breeders that had been paired (P < 0.05) ( Table 1) . The gravimetric data were comparable whether they were calculated on an absolute or body weight-organ weight basis.
Blood Pressure
The systolic blood pressure of the male breeders that were in active stud service (communal breeding) manifested a substantial increase soon after they were placed in the communal breeder pool ( Fig. 1 ). Their blood pressure increased steadily and reached hypertensive levels after 2-3 months of reproductive activity, i.e., blood pressure levels over 135 mm Hg are considered to be abnormally high in the Sprague-Dawley rat (Fig. 1) . The male breeders that had been paired with females showed a more gradual increase in blood pressure which did not rise as high as that for communal breeders. Initially, blood pressures of the communal female breeders remained well below those of their male counterparts. After the fourth pregnancy, their blood pressures rose to a hypertensive level regardless of whether they were in a communal or paired breeding status (Fig. 1 ). The virgin male and female rats were normotensive. Frequent blood pressure measurements made during the last 7 days of pregnancy demonstrated no evidence of any reduction in blood pressure levels prior to parturition.
Blood Biochemistry
The biochemical data demonstrated that paired breeding was associated with the least number of untoward metabolic changes and communal breeding was more deleterious to both male and female breeders. 
Enzymes
We used serum enzymes CPK, SGOT, SGPT, and LDH as an index of muscle, hepatic, and cardiovascular damage, and we found that communal breeding was associated with the greatest elevation in levels of these enzymes ( Table 2) .
Lipids
Triglycerides, free fatty acids, and cholesterol showed the usual elevation observed in breeder vs. virgin rats ( Table 2) . Communal breeding was associated with the greatest increase in circulating lipid levels.
Carbohydrate
Most remarkable was the severity of hyperglycemia found in male communal breeders (Fig. 2) . Breeder rats were consistently hyperglycemic. Although the female breeders were definitely hyperglycemic, there was no statistically significant difference between those bred with one male and those exposed to several males (Fig. 2) . Protein BUN levels were elevated consistently in breeder vs. virgin rats and particularly in female vs. male breeders ( Table 2) .
Steroids
Corticosterone (Compound B) is the predominant steroid produced by the rat's adrenal cortex. Females have larger adrenal glands and produce much more Compound B than do males. Repeated breeding is associated with progressive changes in adrenocortical steroidogenesis. ~ 4 Male communal breeders manifested a greater increase in Compound B levels than the male paired breeders (P < 0.05) whereas the female breeders showed a definite reduction (P < 0.05) in circulating Compound B levels after four consecutive reproductive cycles, i.e., pregnancy, lactation and weaning ( Fig. 3 ).
Gross and Microscopic Pathology
There is a distinct sex dichotomy between male and female breeders in the appearance of grossly visible lesions of the aorta, i.e., male breeders develop microscopic lesions of the aorta only, whereas female breeders develop grossly visible aortic lesions, commencing in the abdominal aorta and extending into the arch and eventually into the thoracic aorta. 4 We used a numerical scoring system for grossly visible aortic sclerosis and found that 81% of the female breeders had grossly visible aortic sclerosis ranging from minimal to moderate severity, and there was no difference in the incidence or severity of aortic sclerosis between those females bred on a communal or one-partner basis ( Table 3 ). The livers of the breeder rats showed grossly visible fatty infiltration and was most severe in female breeders and much more intense in communal male breeders than in male breeders paired with one female (Table 3) . Histopathologically, both male and female breeders displayed the typical aortic lesions found in breeder rats, i.e., accumulation of focal, intimal mucopolysaccharide capped over by collagen (Fig. 4) . This ground substance lesion is typical of the early arterial lesions which develop spontaneously in breeder rats. 4 Although these microscopic aortic lesions in male breeders are hard to quantify, there was a strikingly higher incidence of this kind of lesion in communal male breeders, i.e., 76% vs. only 47% in male breeders paired with one female ( Table 3 ). The aortic lesions in female breeders were more advanced and complex and consisted of medial elastolytic, calcific, and cartilaginous metaplasia subtending the intimal foci of ground substance degenerative changes. Both the paired and communal female breeders had a similar incidence and severity of microscopic atheroarteriosclerosis of 83% and 86%, respectively (Table 3) .
Microscopically, the fatty livers observed in breeder rats exhibited fat droplets intensely and diffusely dispersed throughout the hepatic parenchyma. The hearts showed numerous foci of old and new myocardial fibrosis or necrosis that were most intense in the communal male breeders ( Table 3 ) (Fig. 5) . Female breeders showed more advanced glomerulo-, arterio-, and arteriolosclerosis than did male breeders. There was little difference in the severity of renal damage between paired or communal, male and female breeders. The thymi of all breeder rats were severely involuted, but the adrenal glands of the male breeders showed much less pathological change than did those of female breeders. The adrenal cortices of male breeders were hypertrophied and hyperplastic with extensive lipid depletion, particularly of the zona glomerulosa (Fig. 6A ). This was most pronounced in the communal male breeders. The adrenal cortices of female breeders, irrespective of paired vs. communal breeding, were distorted equally by frequent foci of hemorrhage and thrombosis (Fig. 6B) . The insulin-producing beta cells showed extensive degranulation in all breeder rats and particularly in male breeders assigned to communal breeding (Table 3 ) ( Fig. 7) . All of the pathophysiological changes described above, gross and microscopic, are identical to what we have found earlier and have described in detail. 4 ~ None of the virgin control rats exhibited any evidence of pathological change.
Discussion
These findings demonstrate that for male breeder rats, the conditions associated with communal breeding are much more conducive to the development of a spectrum of pathophysiological changes than those associated with paired breeding. Repeated pregnancies with little rest between weaning and the onset of the next pregnancy are associated with metabolic and deleterious pathophysiological changes, but there are some metabolic differences between females that are exposed to one or to several males. The lack of pathological changes in male or female virgin rats, whether they were caged in relatively smaller paired breeding cages or larger communal breeder cages, indicates that the stress of population density per se does not incite the development of the spectrum of pathophysiological changes, which develop spontaneously in repeat-edly bred male and female rats. It is readily understood why repeated pregnancy and lactation should contribute to the pathogenesis of progressively worsening degenerative changes in female breeders. It is more difficult to reconcile why and how copulatory activity in the male breeder contributes to the development of pathophysiological changes. Since male breeders in the communal breeder cages manifested the most severe degenerative changes, the question arises whether competition between males for females or some interaction between males and females in a communal breeding environment serves as an extra stress mechanism, which induces greater activity of the hypothalalmic-pituitary-adrenal-gonadal axis. The development of metabolic changes conducive to cardiovascular disease and associated with parity has been described in the human. 20 One of us (B.C.W.) has described the spontaneous and almost explosive development of atherosclerosis, hypertension, diabetes, premature aging, and death in male and female salmon as they fight their way upstream to the spawning grounds. 21 -22 There are many situations in nature wherein the male of the species dies after mating while the female survives to rear their young. 23 Based on the evidence we have accumulated to date, we believe that increased activity of the hypothalamic-pituitary-adrenal-gonadal axis associated VOL. 42, No. 1, JANUARY 1978 with the reproductive effort is responsible for the appearance of the pathophysiological changes described, and the marked sex dichotomy in the manifestation of these untoward changes is due to a fundamental difference between males and females in hypothalamic-pituitary interaction.
Another intriguing paradox is that male breeders die suddenly, oftentimes due to myocardial infarction despite their less severe aortic sclerosis, whereas female breeders survive significantly longer in spite of their severe, grossly visible, calcific sclerosis. It is of interest that the metabolic changes in the male breeder are often more marked than those found in females, e.g., hypertension, hyperglycemia, and hyperlipidemia, and we have found the male breeder rats invariably to be more susceptible than are female breeders to a variety of stresses, e.g., alloxan diabetes, 24 cerebral ischemia, 25 and myocardial infarction.' 26 Apropos of the above, the possibility exists that increased activity of the sympathetic nervous system may also play a role in the pathogenesis of these cardiovascular degenerative changes. Repeatedly bred, male and female rats excrete greater amounts of norepinephrine than do virgin rats; they have higher phenyl-ethanolamine-A/methyl transferase enzyme activity, and there is a 10% incidence of pheochromocytomas among female breeders. 19 -27 During the initial period of reproductive activity, both male and female breeder rats are hyperadrenocorticoid; i.e., they produce greater quantities of adrenal steroids than do virgin rats. 13 " 16 We believe this increased production of adrenal steroids best accounts for the abnormally elevated blood pressure in these breeder rats. The adrenal hypertrophy, hyperplasia, and the specific lipid-depletion of the zona glomerulosa in our male breeders suggest that increased mineralocorticoid activity plays a key role in the induction of their hypertension. The adrenal hemorrhage and thrombosis found in female breeder rats are indicative of adrenal insufficiency and hypotension, which is not in concurrence with the elevated blood pressure found in female breeders. Our investigation of pituitaryadrenal function in female breeders indicates that adrenal function is supernormal during their first few pregnancies, culminating with adrenal hemorrhage and hypofunction or hypertension followed by hypotension. Recently, we reported that adrenalectomized female breeder rats, maintained through four consecutive pregnancies, do not develop arteriosclerosis. 28 As indicated earlier, repeatedly bred male rats are prone to succumb due to myocardial infarction. 26 In this connection, it is of interest that communal breeder males had the most enlarged hearts and exhibited high circulating levels of the serum enzymes, e.g., CPK, SGOT, SGPT, and LDH, that are indicative of myocardial damage.
The unusual hyperglycemia observed in the communal male breeders is consistent with our previous experience in which we found that active male breeders have marked islet cell hyperplasia, beta cell degranulation, decreased glucose tolerance, and the greatest susceptibility to the diabetes-inducing effects of alloxan. 4 8 " 3 We have found that, with each successive breeding,-both male and female breeders show hyperinsulinism along with their obesity but decreased glucose tolerance. 3 3 It is noteworthy that male breeders secrete extra insulin up to the time they have sired five to eight litters; those that have sired eight or more litters show a definite reduction in their ability to secrete insulin. 3 This underscores our observation and conclusion that reproductive activity in male rats is associated with definitive metabolic derangements.
One of the most salient features of this investigation is that the communal male breeders had a higher incidence of aortic sclerosis (76%), albeit microscopic, compared to that of the paired male breeders (47%), whereas both the paired and communal female breeders had an equal incidence of advanced aortic sclerosis, i.e., 83% and 86%, respectively. This would indicate that, in the male, active breeding is much more conducive to the pathogenesis of arterial disease by whatever mechanism, whereas in the female it is the number of pregnancies that is connected most intimately with the pathogenesis of their arterial disease, irrespective of the social conditions of breeding. The fact that female breeders develop more severe and grossly visible arteriosclerosis but live significantly longer than do male breeders with microscopic aortic lesions only underscores the fact that the morphology and location of the arterial lesion may be of paramount importance. Although arterial lesions in male breeder rats are of microscopic proportions, they appear in such vital places as the carotid, 15 coronary, 1 " renal, 17 -18 and mesenteric arteries, 17 suggesting that the earlier demise of male breeder rats may be due to cerebral-myocardial-renal damage.
